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PAIN MEDICINE

Liposome Bupivacaine Femoral Nerve Block for
Postsurgical Analgesia after Total Knee Arthroplasty

Admir Hadzic, M.D., Harold S. Minkowitz, M.D., Timothy |. Melson, M.D., Richard Berkowitz, M.D.,
Anna Uskova, M.D., Forrest Ringold, M.D., Janice Lookabaugh, M.P.H., Brian M. lifeld, M.D., M.S.

ABSTRACT

Background: The authors evaluated the efficacy of liposome bupivacaine in a femoral nerve block (FNB) after total knee
arthroplasty.

Methods: Part 1: subjects received FNB with 20 ml liposome bupivacaine (67, 133, or 266 mg) or placebo. Part 2: subjects
were randomized to FNB with liposome bupivacaine 266 mg or placebo. The primary outcome measure was area under the
curve of the numeric rating scale score for pain intensity at rest through 72h (AUC NRS-R ,) with imputed scores after
rescue medication.

Results: In part 1, FNB with liposome bupivacaine 266 mg (n = 24) resulted in analgesia similar to that obtained with 133 mg
and was chosen for part 2. In part 2, least-squares mean (standard error) AUC NRS-R _, was lower with liposome bupiva-
caine 266 mg (n = 92) than with placebo (n = 91; 419 [17] vs. 516 [17]; P < 0.0001). This outcome remained unchanged in a
post hoc analysis without score imputation (221 [12] vs. 282 [12]; P = 0.0005). Least-squares mean AUC NRS-R with imputed
scores was lower with liposome bupivacaine during each 24-h interval (0 to 24, 24 to 48, and 48 to 72 h) after surgery; AUC
NRS-R without imputed scores was lower during the 0- to 24-h and 24- to 48-h intervals. The liposome bupivacaine group
had lower mean total opioid use (76 vs. 103 mg morphine; P = 0.0016). Pain was sufficiently severe to require second-step
rescue with opioids viz intravenously administered patient-controlled analgesia in 92% of liposome bupivacaine patients and
81% of placebo patients. With patient-controlled analgesia and other forms of rescue analgesia, mean NRS scores with activ-
ity were moderate in both liposome bupivacaine and placebo groups throughout the part 2 study period. Incidence of adverse
events was similar between the groups (part 1: 90 vs. 96%s; part 2: 96 vs. 96%, respectively).

Conclusion: FNB with liposome bupivacaine (266 mg) resulted in modestly lower pain scores and reduced opioid require-
ments after surgery, with an adverse event profile similar to placebo. (ANESTHESIOLOGY 2016; 124:1372-83)

ATIENTS undergoing total knee arthroplasty (TKA) ) .
typically experience moderate to severe postsurgical Bt ol Gl e e i ke il
pain'= that can last for several days. Effective pain manage- e Liposome bupivacaine is approved for administration into the
ment facilitates early ambulation and rehabilitation, > which surgical site but not for peripheral nerve blocks
in turn hastens recovery, reduces length of stay, and decreases

patient risk for complications including thromboembolism

and nosocomial infection.® Use of femoral nerve block * In a two-part clinical study designed to meet the U.S. Food
and Drug Administration standard for approval of analgesic

agents, femoral nerve block with liposome bupivacaine after

What This Article Tells Us That Is New

improves postsurgical analgesia and reduces parenteral opi-

oid requirements in patients undergoing TKA."¢"10 How- total knee arthroplasty resulted in modestly reduced average

ever, single-injection femoral nerve blocks are limited by the pain and opioid use in the first 72h after surgery compared
. . . . with placebo

relatively short duration of analgesia provided by the cur-

. . . i Side effects were similar in both groups, supporting further
rently available formulations of local anesthetics (typically investigation

24 h or less).>!! Duration of analgesia can be prolonged with

Data included in this article have been presented at the Annual Meeting of the American Society of Regional Anesthesia and Pain Medi-
cine, April 3-6, 2014, Chicago, Illinois.
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continuous peripheral nerve blocks. However, this requires

1L12 continuous infusion

placement of a perineural catheter,
of local anesthetic, inconvenience of carrying catheter and
local anesthetic reservoir/pump, infusion management and
catheter site care, infection, leakage, accidental dislocation,
and cost and maintenance of equipment.!!1?

Liposome bupivacaine (bupivacaine liposome injectable
suspension; EXPAREL®; Pacira Pharmaceuticals, Inc., USA)
is a multivesicular formulation of bupivacaine indicated for
administration into the surgical site to produce postsurgical
analgesia.'* Liposome bupivacaine has been shown to pro-
vide postsurgical analgesia across a range of surgical models,
with a safety profile that is similar to that of bupivacaine
HCLBY While available data in volunteers suggest that
liposome bupivacaine in a femoral nerve block results in

prolonged blockade,'®

peripheral nerve block in a setting of acute postsurgical pain

its analgesic effects when used in a

remain unknown.

Materials and Methods

Study Overview
This was a multicenter, randomized, double-blind, parallel-
group, placebo-controlled, dose-ranging study designed to
meet the U.S. Food and Drug Administration (FDA) stan-
dard for approval of analgesic agents, which rests on compari-
son of investigational agents versus placebo in well-matched
populations. The objective was to assess efficacy, safety, and
pharmacokinetics of liposome bupivacaine when adminis-
tered as a single injection in a femoral nerve block in subjects
undergoing primary unilateral TKA under general, spinal, or
epidural anesthesia (Study Director: Erol Onel, M.D.; U.S.
National Institutes of Health [www.clinicaltrials.gov] study
identifier: NCT01683071; prospectively registered on Sep-
tember 7, 2012). The study was conducted in two parts at
23 U.S. medical centers: dose ranging (part 1) and treatment
(part 2). In part 1, the primary objective was to evaluate three
liposome bupivacaine doses versus placebo and select an opti-
mal dose from among these for part 2. In part 2, the primary
objective was to evaluate the selected dose of liposome bupi-
vacaine versus placebo with respect to efficacy and safety.
Because this study involved an off-label use of liposome
bupivacaine, an Investigational New Drug application (No.
69,198) was approved by the FDA before subject enroll-
ment. Individual enrolling centers obtained approval of an
institutional review board/independent ethics committee
(appendix) that complied with International Council for
Harmonisation Good Clinical Practice guidelines and/or
the FDA Title 21 of the Code of Federal Regulations Part
56. Written informed consent was obtained from all subjects
before undergoing any study-related procedures.

Subject Selection

Male and female subjects aged 18 yr or older scheduled to
undergo primary, unilateral TKA under general, spinal, or
epidural anesthesia were eligible if classified as American
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Society of Anesthesiologists physical status classification
of 1, 2, or 3; demonstrated adequate motor function by
being able to walk unassisted at least 20 m (use of four-
legged walker optional); and had no sensory deficit in the
distribution of the femoral nerve, as tested by sensitivity to
cold. Subjects were excluded if they were pregnant or nurs-
ing; were undergoing a concurrent surgical procedure (e.g.,
bilateral TKA); had a concurrent painful condition that may
have required analgesic treatment in the postsurgical period
that was not strictly related to study treatment and may
have confounded the postsurgical assessments; or had used
long-acting opioids, nonsteroidal antiinflammatory drugs,
acetaminophen, or aspirin (except low-dose aspirin for car-
dioprotection) within 3 days before surgery or any opioids
within 24 h before surgery. Subjects who had initiated treat-
ment with selective serotonin or norepinephrine reuptake
inhibitors, gabapentin, pregabalin, or duloxetine within 1
month before surgery were also excluded.

Study Design

For parts 1 and 2, each subject received a unique random-
ization code and subject identifier issued by a centralized
randomization system. Synteract, Inc. (USA) created the
randomization schedule using SAS®, and Premier Research
(USA) incorporated the schedule into their interactive Web
response system. During part 1, 101 subjects undergoing
TKA were randomized in a 1:1:1:1 ratio to receive one of
three single-dose administrations (67, 133, or 266 mg) of
liposome bupivacaine in a total volume of 20 ml or preserva-
tive-free normal saline for injection (placebo) administered
in a femoral nerve block under ultrasound guidance. At the
conclusion of the block, a femoral nerve catheter was left in
place to allow access for administration of perineural local
anesthetic as a rescue treatment, if needed. Blood samples
for pharmacokinetic analysis were also obtained during part
1. An unblinded dose selection committee reviewed the area
under the curve for numeric rating scale score for pain inten-
sity at rest through 72h (AUC NRS-R ), total postsurgical
opioid consumption, time to first opioid rescue medication,
and safety data through 72h postoperatively. The unblinded
dose selection committee then selected the optimal dose for
part 2.

During part 2, 196 subjects (none of whom participated
in part 1) were randomized in a 1:1 ratio to receive the
selected dose of liposome bupivacaine or placebo in a total
volume of 20ml in a single-injection femoral nerve block
under ultrasound guidance. At the conclusion of the block,
a femoral nerve catheter was left in place to allow access
for administration of perineural local anesthetic as a rescue
treatment, if needed.

Administration of Study Drug and Rescue Medications

Preoperatively, a single-injection femoral nerve block and
perineural catheter were administered under ultrasound
guidance, as previously described.” All surgeries were

Hadzic et al.
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conducted under general, spinal, or epidural anesthesia.
Bupivacaine was not used as the spinal anesthetic. The
choice of other spinal anesthetic agent or agents was left to
the discretion of the attending anesthesiologist. Use of short-
acting and ultra—short-acting IV opioids (e.¢., fentanyl) was
permitted during surgery. However, intraoperative admin-
istration of other opioids (including intrathecal opioids) or
any other analgesics, local anesthetics (except for spinal anes-
thesia), or antiinflammatory agents was not permitted except
for emergency use to treat an adverse event (AE).

In parts 1 and 2, postsurgical rescue analgesic medica-
tions were administered only upon subject request accord-
ing to a protocol-defined sequence. No other analgesics
(including nonsteroidal antiinflammatory drugs) were per-
mitted during the 72-h postsurgical observation period.
If a first rescue medication was required, the subject was
given a single IV bolus of hydromorphone 0.5 mg. If a sec-
ond rescue medication was required, the subject was pro-
vided with on-demand IV morphine or hydromorphone,
administered by a patient-controlled analgesia pump for the
remainder of the 72-h study period or until a third rescue
medication was requested; if the subject was able to tolerate
oral medications, immediate-release oxycodone tablets (no
more than 10 mg every 4 h) were available. If a third rescue
medication was required, the subject received a continuous
femoral nerve block of bupivacaine HCI 0.125% (1.25 mg/
ml), administered via the previously inserted femoral nerve
catheter at a rate of 8 ml/h for up to 12h. Any subject who
failed to achieve adequate analgesia after three rescue treat-
ments was withdrawn from the study and followed only for
safety. For subjects who were withdrawn, analgesia was pro-
vided in accordance with standard practice at the individual
study site.

Postsurgical Assessments

During part 1 only, blood samples for pharmacokinetic
assessments were drawn at baseline, 15 min, 30 min, and 1,
2,4,8,12,24, 36,48, 60, and 72 h after starting administra-
tion of study medication.

Pain intensity assessments were conducted at baseline
(before nerve block administration), at 2, 4, 8, 12, 24, 36,
48, 60, and 72h postsurgery, and at the first request for
rescue analgesia. Pain was assessed using an 11-point NRS
(0 = no pain; 10 = worst possible pain) at rest and upon

Table 1.

Overview of the Overall Benefit of Analgesic Score Survey

Liposome Bupivacaine Femoral Nerve Block in TKA

activity, the latter defined as active flexion of involved knee
45 degrees or less. Sensitivity to cold was assessed at base-
line and at 2, 4, 12, 24, 36, 48, 60, and 72h after surgery
or until sensitivity to cold had returned in two consecutive
evaluations. Motor function was assessed during the acute
postsurgical period and on day 30 by measuring the subject’s
ability to walk 20 m on a level surface with or without use
of a four-legged walker. Long-term rehabilitation outcomes
were not assessed.

Subjects also completed an overall benefit of analge-
sic score (OBAS) questionnaire at 24, 48, and 72h. The
OBAS questionnaire is a validated, multidimensional tool
that assesses pain intensity, opioid-related AEs, and overall
subject satisfaction with pain treatment (table 1).2° Sub-
ject satisfaction with pain control and physician satisfac-
tion with return of sensory/motor function were assessed
using a 5-point Likert scale (from “extremely dissatisfied” to
“extremely satisfied”) at 72h and on day 30. During part 1
only, subjects were also assessed for predefined treatment-
emergent opioid-related AEs.

Outcome Measures
Efficacy outcomes were assessed for all subjects who received
study drug and underwent the surgery as planned and con-
sisted of the primary outcome (AUC NRS-R _,), second-
ary outcomes (total opioid consumption through 72h and
time to first use of opioid rescue medication), and tertiary
outcomes (NRS-R and NRS with activity [NRS-A] scores at
each assessed time poing; AUC of NRS-R scores from 0 to
24, 24 to 48, and 48 to 72 h; total opioid consumption from
0 to 24, 24 to 48, and 48 to 72h; AUC of NRS-A scores
from 0 to 24 and 0 to 72h; proportion of subjects who were
pain-free [NRS-R score of 0 or 1] at each time point; cumula-
tive total opioid consumption at 24, 36, 48, and 60 h; OBAS
questionnaire results at 24, 48, and 72 h; subject satisfaction
with postsurgical pain control at 72 h and at day 30; and time
to subject’s return of sensitivity to cold). Specific opioid doses
were converted to IV morphine equivalent doses.
Pharmacokinetic parameters (assessed only during part 1
of the study) were calculated from the plasma bupivacaine
concentration—time profiles by noncompartmental analy-
sis and included plasma concentration (C__ ), time to peak
plasma concentration (7 ), AUC from time 0 to last col-

), AUC

lection time after drug administration (AUC

~NOoO O W=

. Please rate your current pain at rest on a scale between 0 = minimal pain and 4 = maximum imaginable pain.
. Please grade any distress and bother from vomiting in the past 24 h (0 = not at all to 4 = very much).

. Please grade any distress and bother from itching in the past 24h (0 = not at all to 4 = very much).

. Please grade any distress and bother from sweating in the past 24 h (0 = not at all to 4 = very much).

. Please grade any distress and bother from freezing in the past 24 h (0 = not at all to 4 = very much).

. Please grade any distress and bother from dizziness in the past 24 h (0 = not at all to 4 = very much).

. How satisfied are you with your pain treatment during the past 24 h (0 = not at all to 4 = very much)?

Reprinted by permission of Oxford University Press.?®
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from time O extrapolated to infinity after drug administra-
tion (AUC_ .,), apparent terminal elimination rate constant
(A), and apparent terminal elimination half-life (t,,, ).
Blood samples were drawn at baseline, 15 min, 30 min, and
1,2,4,8,12,24, 36, 48, 60, and 72 h after starting adminis-
tration of study medication. Placebo samples were collected
to maintain blinding but were not analyzed.

Safety outcomes were assessed separately, and combined,
for all subjects who received study drug in parts 1 or 2 and
consisted of AEs (through day 30), vital sign assessments (at
baseline and 30 min, 1h, and 2h postsurgery), neurologic
assessments (at baseline and 15 min, 30 min, and 1, 2, 4,
8, 12, 18, 24, 30, 36, 42, 48, 60, and 72h postsurgery),
cardiac assessment (electrocardiogram recordings from
baseline through 72h postsurgery), motor function assess-
ments (at baseline and 24 and 72h postsurgery and on day
30), and assessment of physician satisfaction with return of
sensory/motor function (at 72h and day 30 postsurgery).
Electrocardiogram data were continuously recorded via a
12-lead electrocardiogram device and interpreted by a cen-
tralized reference cardiologist. Electrocardiogram changes
were examined using data obtained at the time closest to the
actual 7, (when available), mean 7|, and median 7]
from each dose group.

Statistical Analysis

Sample size for part 1 was based on the statistician’s estimate of
a reasonable sample size from extrapolation of data compiled
across phases 2 and 3 wound infiltration studies of liposome
bupivacaine.'>!” Sample size for part 2 was based on results
from a phase 3 study of liposome bupivacaine versus placebo
in subjects undergoing hemorrhoidectomy, where mean (SD)
AUC of NRS-R _, scores were 141.6 (100.6) and 202.3
(104.1), respectively.”! An estimated enrollment of approxi-
mately 180 subjects (90 per treatment group) was needed to
achieve more than 97% power to detect a difference in means of
61 for the primary efficacy analysis (assuming the common SD
is 104) using a two-group ¢ test with a significance level of 0.05.

Three subsets of the enrolled study population were ana-
lyzed. Safety analyses included all subjects who received study
drug and were based on actual treatment received. Efficacy
analyses included all subjects in the safety analysis set who
underwent surgery as planned and were based on random-
ized treatment, regardless of actual treatment received. Phar-
macokinetic analysis (part 1 only) included all subjects in
the safety analysis set who received liposome bupivacaine,
provided sufficient blood samples to permit calculation of
pharmacokinetic parameters, and did not receive perineural
bupivacaine HCI as rescue medication.

Statistical analyses were performed using SAS® Ver-
sion 9.2 (SAS Institute Inc., USA, 2009). To account
for the use of rescue medication and missing NRS pain
intensity score data, windowed worst observation carried
forward (WWOCEF) plus last observation carried forward
(LOCF) imputation method was used to calculate the

Anesthesiology 2016; 124:1372-83
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primary efficacy measure (AUC NRS-R ). The wWOCF
plus LOCF imputation procedure was used as follows:
wWOCF—for subjects who took rescue medication, NRS
scores recorded within a half-life (“window”) of the opi-
oid rescue medication given were replaced by their high-
est (“worst”) NRS scores before taking their first rescue
medication. For subjects who required bupivacaine HCI
infusion, the “window” for highest NRS scores was consid-
ered from start of infusion until 24 h afterward; LOCF—
in cases where subjects had missing NRS pain intensity
scores, the scores were interpolated in one of three ways:
(1) By the median score from other subjects at the same
time point in the same treatment group if before the first
nonmissing score; (2) By LOCEF if after the last nonmiss-
ing score; and (3) By linear interpolation if between two
nonmissing scores. Liposome bupivacaine was compared
with placebo in parts 1 and 2 using analysis of covariance,
with treatment as the main effect and baseline NRS-R pain
intensity score as the covariate.

Continuous variables were summarized using standard
statistical measures including mean, median, SD, mini-
mum/maximum, P values, and two-sided 95% ClIs, along
with number of subjects included in each analysis, and were
reported by treatment group. Categorical variables were
summarized by treatment group using counts and percent-
ages. Between-group differences were reported using least-
squares means (for NRS scores) or as geometric least-squares
means (for postsurgical opioid amounts used).

For secondary efficacy measures in parts 1 and 2, total
postsurgical opioid consumption through 72 h was compared
between the liposome bupivacaine and placebo groups using
ANOVA with treatment as the main effect. Opioid medi-
cations were first converted to IV morphine equivalents for
each subject, and natural logarithmic transformation was
applied to the total amount before analysis. Between-group
differences were reported using geometric least-squares
means. Time to first opioid rescue was computed in hours as
the date and time of first opioid rescue minus date and time
of end of surgery; these data were analyzed using the Kaplan—
Meier method.

For part 2, no multiple comparisons of the primary effi-
cacy variable (AUC NRS-R .,) were made. The two sec-
ondary efficacy variables (total opioid consumption through
72h and time to first opioid use) were only to be analyzed
using a hierarchical fixed-sequence stepwise testing procedure
if the primary efficacy variable was statistically significant
(P<0.05). To avoid a type 1 error, the testing was performed
in a sequentially rejective fashion. First, total postsurgical opi-
oid consumption through 72 h was tested. If the test of opioid
consumption was significant (” < 0.05), time to first opioid
rescue medication was tested. Each test was declared positive
at the two-sided 0.05 significance level. The significance level
for probability values from between-group comparisons of
tertiary efficacy variables were adjusted for multiplicity using
the Bonferroni correction method. In order to determine

Hadzic et al.
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whether imputed pain scores had a meaningful effect on
cumulative pain scores at rest, a post hoc analysis was con-
ducted to calculate AUC NRS-R, _, (the primary end point),

0-72
as well as AUC NRS-R_,,, AUC NRS-R,, .., and AUC

2448
NRS-R, .,, using only unimputed pain scores.

Results

Part 1

A total of 94 subjects received 67 mg (n = 22), 133 mg
(n = 24), or 266 mg (n = 24) liposome bupivacaine or
placebo (n = 24). For the primary efficacy measure, AUC
NRS-R ,,, least-squares mean (standard error [SE]) values
were 533 ([33] P = 0.949), 427 ([32] P = 0.024), and 436
([32] P = 0.039) in the liposome bupivacaine 67-, 133-,
and 266-mg groups, respectively, compared with 531 (32)
in the placebo group (table 2). Regarding secondary effi-
cacy measures, distribution of time to first opioid rescue
medication was significantly longer in the liposome bupi-
vacaine 266-mg group compared with placebo (table 3).
Several other assessments suggested a better response to

Liposome Bupivacaine Femoral Nerve Block in TKA

the 266-mg dose, most notably at earlier time points tested
(table 3). Overall, 86 subjects (92%) experienced an AE
during part 1 of the study, 20 (91%) in the liposome bupi-
vacaine 67-mg group, 22 (92%) in the 133-mg group, 21
(88%) in the 266-mg group, and 23 (96%) in the placebo
group (table 4). Nausea (47%), pyrexia (28%), dizziness
(17%), constipation (13%), and anemia (12%) were the
most frequently reported AEs. No subject discontinued
study participation due to an AE. Despite no difference
in the primary outcome measure between the 133-mg and
266-mg doses, the liposome bupivacaine 266-mg dose was
chosen for part 2 of the study, based on a suggestion of a
better response earlier not accompanied by meaningfully
increased risk of AEs.

Pharmacokinetics. Dose-related increases were observed
, and AUC values

(table 5). The relationship between dose and bupivacaine

in mean plasma bupivacaine levels, C

max

plasma exposure over time suggests that liposome bupiva-
caine demonstrates linear pharmacokinetics (fig. 1).

Table 2. Summary of Results from the Primary Efficacy Assessments in Part 1 (Efficacy Analysis Set)

Liposome Bupivacaine Liposome Bupivacaine Liposome Bupivacaine Placebo
Parameter 67mg (n = 22) 133mg (n = 24) 266mg (n = 24) (n=24)
Least-squares mean (SE) 533 (33) 427 (32)* 436 (32)* 531 (32)
AUC of NRS-R_,, score
Median (minimum-maximum) 577 (104-711) 415 (69-710) 393 (228-711) 568 (229-710)
AUC of NRS-R_,, scoret

*P < 0.05 vs. placebo; tno inferential statistical analyses were performed to test between-group differences for median values.

AUC = area under the curve; NRS-R,_,, = numeric rating scale score for pain intensity at rest through 72h; SE = standard error.

Table 3. Summary of Results from Secondary and Other Efficacy Assessments in Part 1 (Efficacy Analysis Set)

Placebo
(n=24)

Liposome Bupivacaine Liposome Bupivacaine Liposome Bupivacaine

Parameter 67mg (n =22) 133mg (n = 24) 266mg (n = 24)

Secondary efficacy assessments
Geometric least-squares mean total 101 81 95 111
postsurgical consumption of opioid
rescue medication, mg
Median (95% ClI) time to first opioid
rescue medication, h
Tertiary efficacy assessments

0.49 (0.30-0.65) 0.37 (0.28-0.70) 1.29 (0.37-2.35)* 0.41 (0.30-0.55)

Mean (SD) NRS-R score at first request 7.9(2.8) 6.9 (2.2) 6.4 (2.4) 8.3 (1.9t
for rescue pain medication(s)

Mean (SD) NRS-A score at first request 8.1 2.7)f 7.3 (2.58§ 6.7 (2.4)T 8.8 (1.6)f
for rescue pain medication(s)

Mean (SD) AUC of NRS-R_,, score 180 (56) 160 (50) 154 (53) 179 (39)

Median (minimum-maximum) AUC of 146 (68-231) 183 (84-230)
NRS-R,_,, scorel|

Mean (SD) AUC of NRS-A_,, score

Median (minimum-maximum) AUC of
NRS-A,_,, scorel|

Mean (SD) AUC of NRS-A_,, score

Median (minimum-maximum) AUC of
NRS-A, -, score||

190 (49-231) 160 (33-234)

194 (40)
203 (89-231)

174 (46)
169 (41-230)

171 (47)
172 (86-231)

196 (34)
208 (127-230)

503 (145)
480 (297-711)

587 (115)
625 (367-710)

592 (127)
624 (221-711)

499 (144)
502 (77-710)

0-72

*P < 0.05 vs. placebo; Tn = 22; tn = 20; §n = 23; ||no inferential statistical analyses were performed to test between-group differences for median values.

AUC = area under the curve; NRS-A__,,/NRS-R ,, = numeric rating scale score for pain intensity with activity/at rest through 24h; NRS-A _,, = numeric
rating scale score for pain intensity with activity through 72h.
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Table 4. Most Commonly Reported Treatment-Emergent AEs

Part 1 of Study

Part 2 of Study

Liposome Liposome Liposome Liposome

Bupivacaine Bupivacaine Bupivacaine Placebo Bupivacaine Placebo
67mg (n = 22), 133mg (n = 24), 266 mg (n = 24), (n=24), 266mg (n = 92), (n=92),

AE n (%) n (%) n (%) n (%) n (%) n (%)
Subjects with >1 AE 20 (91) 22 (92) 21 (88) 23 (96) 88 (96) 88 (96)
Nausea 8 (36) 14 (58) 13 (54) 9(38) 49 (53) 61 (66)
Pyrexia 8 (36) 7 (29) 8 (33) 3(13) 28 (30) 24 (26)
Constipation 3(14) 2 (8) 6 (25) 14) 32 (35) 32 (35)
Pruritus 1) 2 (8) 2(8) 2 (8) 33 (36) 31 (34)
Vomiting 1) 0 1(4) 2(8) 26 (28) 38 (41)
Dizziness 3(14) 3(13) 4(17) 6 (25) 15 (16) 19 (21)
Insomnia 1) 2(8) 2(8) 4(17) 5 (5) 11 (12)

Anemia 4 (18) 1) 4(17) 2(8) 8(9) 5(5)
Hyperhidrosis 0 0 14) 14) 10 (11) 11 (12)

Procedural hypotension 209 2(8) 3(13) 0 10 (11) 6 (7)

Urinary retention 1(5) 0 0 0 12 (13) 6 (7)

Headache 1(5) 3(13) 2 (8) 14) 5 (5) 4 (4)

Pruritus generalized 0 14) 0 3(13) 22 22

Adverse events (AEs) among subjects who received liposome bupivacaine or placebo during study parts 1 and 2, including all AEs reported by > 10% of

subjects in any treatment group (safety analysis set).

Table 5. Pharmacokinetic Parameters for Liposome Bupivacaine 67,

133, and 266 mg in Study Part 1

Liposome Bupivacaine Dose

Parameter 67mg, n=19 133mg, n=19 266mg, n =21
C o NG/MI 146 (91) 282 (127) 577 (289)

max? 65.9 (4.0-73.6) 72.0 (0.6-74.3) 72.0 (24.9-94.3)
AUC, _,,, heng/m 5,589 (3,198) 10,513 (4,817) 18,311 (8,690)
AUC, ., heng/mi 8,252 (2,103) 18,452 (12,092) 34,491 (5,297)
A, 1/h 0.0413 (0.0207) 0.0426 (0.0283) 0.0437 (0.0202)
0 h 20.5(10.5) 29.0 (24.4) 18.2 (6.5)

Summary of pharmacokinetic parameters for liposome bupivacaine doses (67, 1
except for T,

max

33, and 266 mg) evaluated in study part 1. Data are reported as mean (SD),

, which is reported as median (minimum-maximum) (pharmacokinetic analysis set).

), = apparent terminal elimination rate constant; AUC_,, = area under the plasma concentration vs. time curve from time 0 to 72h after drug administration;

AUC, . = AUC from time 0 extrapolated to infinity after drug administration; C,__.

T ax = time to peak plasma concentration.

900 §

-#- |iposome bupivacaine 67 mg
800 1 -# |iposome bupivacaine 133 mg
700 1 -+ Liposome bupivacaine 266 mg

Bupivacaine Plasma Concentration (ng/mL)

120 144 168 192 206 240
Time (h)

96

72

Fig. 1. Plasma concentration versus time curves after single
administration of liposome bupivacaine 67 mg (blue), 133mg
(red), and 266mg (green) in a femoral nerve block during
study part 1. Data shown as mean values + SD (error bars).
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= peak plasma concentration; t, , = apparent terminal elimination half-life;

Part 2

A total of 184 subjects received liposome bupivacaine or
placebo (liposome bupivacaine, n = 92; placebo, n = 92)
and 164 completed the study (table 6 and fig. 2). In the
liposome bupivacaine group, 26% of NRS-R pain intensity
scores were not imputed, 69% were imputed due to use of
rescue medication, and 5% were interpolated due to a miss-
ing value. In the placebo group, 24% of NRS-R scores were
not imputed, 70% were imputed due to use of rescue medi-
cation, and 6% were interpolated due to a missing value.
Primary Outcome Measure. Least-squares mean (SE)
AUC NRS-R _, was lower in the liposome bupivacaine
group than in the placebo group (419 [17] vs. 516 [17],
respectively; P < 0.0001; table 7). In the analysis without
imputation, least-squares mean AUC NRS-R _, remained

significantly lower with liposome bupivacaine versus pla-
cebo (221 [12] ws. 282 [12]; P = 0.0005).

Hadzic et al.



Table 6. Subject Demographics and Baseline Attributes in
Study Part 2

Liposome All
Bupivacaine Placebo Subjects

Attribute (n=92) (n=92)* (N=184)
Age, yr, mean (SD) 66 (10) 64 (9) 65 (10)
Gender, n (%)

Male 40 (44) 35 (38) 75 (41)

Female 52 (57) 57 (62) 109 (59)
Race/ethnicity, n (%)

White 75 (82) 77 (84) 152 (83)

Black/African American 15 (16) 14 (15) 29 (16)

American Indiant 0 22 2(1)

Asian 22 0 2(1)
ASA physical status, n (%)

1 78 3(3) 10 (5)

2 38 (41) 49 (53) 87 (47)

3 47 (51) 40 (44) 87 (47)
Height, cm, mean (SD) 170 (11) 169 (11) 170 (11)
Weight, kg, mean (SD) 93 (21) 91 (18) 92 (19)
Type of surgical anesthesia

administered, n (%)

General 62 (67) 56 (62) 118 (65)

Spinal 28 (30) 35 (39) 63 (35)

Othert 22 0 2(1)

Summary of subject demographics and baseline attributes from part 2 of
study (safety analysis set).

*Placebo n = 91 for height, weight, and surgical anesthesia data. tIncludes
Alaskan Natives. $£One subject received a combination of spinal and epi-
dural anesthesia plus sedation; one subject received spinal anesthesia,
which was ineffective, followed by general anesthesia.

ASA = American Society of Anesthesiologists.

Secondary Outcome Measures. Subjects in the liposome
bupivacaine group used less total postsurgical opioids
through 72h than those in the placebo group (geomet-
ric least-squares mean IV morphine equivalents 76 ws.
103 mg, respectively; P = 0.0016); between-group differ-
ences in cumulative opioid consumption were maintained

through 24 h (46 vs. 60 mg, respectively), 36 h (58 vs. 77 mg,

Liposome Bupivacaine Femoral Nerve Block in TKA

respectively), 48h (66 us. 89mg, respectively), and 60h
(72 vs. 98 mg, respectively; P < 0.0058 for each compari-
son). Median time to first use of opioid rescue medication
was similar between the liposome bupivacaine and placebo
groups (0.44 vs. 0.43h; P = 0.9556).
Tertiary Outcome Measures. Between-group differences
in mean (SD) NRS-R at first request for rescue pain
medication, AUC of NRS-R_,,, AUC of NRS-A,,, and
AUC of NRS-A _, scores, and geometric least-squares
mean amount of postsurgical opioid rescue medications
consumed from 0 to 24h were lower in the liposome
bupivacaine group versus placebo (table 8). Least-squares
mean (SE) AUCs of NRS-R scores were significantly lower
(P < 0.0083) in the liposome bupivacaine group during
each 24-h interval (0 to 24, 24 to 48, and 48 to 72h)
after surgery (fig. 3). Between-group differences in the
least squares mean (SE) in favor of liposome bupivacaine
versus placebo were -29.0 (7.6) (2 = 0.0002) during the
first 24 h postsurgery, -29.1 (8.6) (P = 0.0009) during 24
to 48 h postsurgery, and -38.4 (10.2) (= 0.0002) during
48 to 72h postsurgery. In the analysis without imputa-
tion, least-squares mean (SE) cumulative pain scores at
rest remained significantly lower in the liposome bupi-
vacaine group versus placebo during the first day (AUC
NRS-R, ,,, 68 [3] »s. 80 [3], respectively; P = 0.0051)
and second day after surgery (AUC NRS-R, ., 82 [5] vs.
112 [5], respectively; P < 0.0001), but not on day 3 (AUC
NRS-R, ,, 66 [7] vs. 83 [7], respectively; P = 0.0730).
Least-squares mean (SE) NRS-R and NRS-A scores
through 72 h are shown in figures 4 and 5, respectively. Least-
squares mean NRS-R scores were lower in the liposome
bupivacaine group than in the placebo group at 2, 4, 12,
and 24 h postsurgery (fig. 4). The between-group difference
in least-squares mean NRS-R scores ranged from as high as
1.6 at 2 h after surgery to as low as 0.5 at 60 h after surgery.
Least-squares mean NRS-A scores were lower in the lipo-
some bupivacaine group than in placebo groups at 24 and

Randomized
N=196

/\

Allocated to liposome bupivacaine

Allocated to placebo

n=99 n=97
Did not receive study drug | [ Did not receive study drug
n=7 l l n=5
Received liposome bupivacaine Received placebo
n=92 n=92

10 discontinued
— 2 lack of efficacy
— 2 lost to follow-up
— 3 withdrawal by subject
— 3 other

10 discontinued
— 2 lack of efficacy
— 0 lost to follow-up
— 3 withdrawal by subject
— 5 other

Completed study
n=82

Completed study
n=82

Fig. 2. Subject disposition in study part 2.
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Table 7. Summary of Results from the Primary Efficacy Assessments in Part 2 (Efficacy Analysis Set)

Parameter

Liposome Bupivacaine 266 mg (n = 92)

Placebo (n = 91)

Least-squares mean (SE) AUC of NRS-R _,, score
Median (minimum-maximum) AUC of NRS-R,_,, scoret

419 (17)
398 (68-710)

516 (17)
518 (175-710)

*P < 0.0001 vs. placebo; tno inferential statistical analyses were performed to test between-group differences for median values.
AUC = area under the curve; NRS-R,_,, = numeric rating scale score for pain intensity at rest through 72h; SE = standard error.

Table 8. Summary of Results from Secondary and Tertiary Assessments in Part 2 (Efficacy Analysis Set)

Parameter

Liposome Bupivacaine

266mg (n =92) Placebo (n = 91)

Secondary efficacy assessments

Geometric least-squares mean total postsurgical consumption of opioid 76 103

rescue medication, mg
Median (95% CI) time to first opioid rescue medication, h
Tertiary efficacy assessments

Mean (SD) NRS-R score at first request for rescue pain medication(s
Mean (SD) NRS-A score at first request for rescue pain medication(;

Mean (SD) AUC of NRS-R,_,, score

Median (minimum-maximum) AUC of NRS-R_,, score™
Mean (SD) AUC of NRS-A_,, score

Median (minimum-maximum) AUC of NRS-A_,,
Mean (SD) AUC of NRS-A_,, score

Median (minimum-maximum) AUC of NRS-A

score**

Kk
o_70 SCOTE

Geometric least-squares mean postsurgical consumption of opioid

rescue medication from 0 to 24h, mg

Geometric least-squares mean postsurgical consumption of opioid

rescue medication from 24 to 48h, mg

Geometric least-squares mean postsurgical consumption of opioid

rescue medication from 48 to 72h, mg

0.44 (0.40-0.53) 0.43 (0.37-0.57)

) 8 (2.5)t 7.8 (2.3)t
s) 5(2.3)§ 8.22.2)|
152 (55)# 180 (49)
151 (28-230) 201 (68-231)
172 (48)tt 191 (43)
184 (63-230) 207 (82-231)
497 (146)11 565 (135)
524 (188-710) 592 (178-710)
468§ 60
16 23
7 11

*P < 0.01 vs. placebo; tn =89, P = 0.0028 vs. placebo; tn = 86; §n = 81; ||n = 76; #P = 0.0002 vs. placebo; **no inferential statistical analyses were performed
to test between-group differences for median values; t1P = 0.0053 vs. placebo; 1P = 0.0006 vs. placebo; §§P = 0.0058 vs. placebo.

AUC = area under the curve; NRS-A, ,,/NRS-R_ ,,
rating scale score for pain intensity with activity through 72h.

® Liposome bupivacaine  ® Placebo
200 +

o o
[S] =]

Least Squares Mean (SE)
n
o

AUC of NRS Score at Rest

0-24 24-48 48-72
Hours After Surgery

Fig. 3. Least-squares mean (standard error [SE]) area under
the curve (AUC) of numeric rating scale (NRS) pain scores
at rest during three successive 24-h periods (0 to 24, 24 to
48, and 48 to 72h) after total knee arthroplasty for subjects
receiving liposome bupivacaine 266 mg (blue bars) or placebo
(red bars) in study part 2. All between-group differences were
statistically significant (*P < 0.0083).

60h after surgery (fig. 5). The between-group difference in
least-squares mean NRS-A scores ranged from as high as
1.3 at 2 and 24 h after surgery to as low as 0.5 at 36h after

Anesthesiology 2016; 124:1372-83

= numeric rating scale score for pain intensity with activity/at rest through 24 h; NRS-A _,,

= numeric

—+Liposome bupivacaine -®-Placebo

N
o

Least Squares Mean (SE)
NRS Score at Rest
o = N W B OO N O ©

0 2 4 8 12 24 36 48 60 72
Hours After Surgery

Fig. 4. Least-squares mean (standard error [SE]) numeric rat-
ing scale (NRS) pain scores at rest among total knee arthro-
plasty subjects receiving liposome bupivacaine 266 mg (blue
line) or placebo (red line) through 72-h postsurgery in study
part 2. Asterisks indicate statistically significant (P < 0.005)
between-group differences.

surgery. The mean NRS-A pain intensity scores remained in
the moderate range in both the liposome bupivacaine and
placebo groups throughout the part 2 study period.
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Least Squares Mean (SE)
NRS Score with Activity
O =2 N W A OO N ©® ©

0 2 4 8 12 24 36 48 60 72
Hours After Surgery

Fig. 5. Least-squares mean (standard error [SE]) numeric
rating scale (NRS) pain scores with activity among total
knee arthroplasty subjects receiving liposome bupivacaine
266 mg (blue line) or placebo (red line) through 72-h post-
surgery in study part 2. Asterisks indicate statistically signifi-
cant (P < 0.0055) between-group differences.

All subjects required at least some rescue medication
(table 9), with no difference between groups (P = not sig-
nificant [NS]). Pain was sufficiently severe to require the first
and then a second opioid rescue medication in 92% of sub-
jects in the liposome bupivacaine group compared with 81%
in the placebo group.

More subjects treated with liposome bupivacaine were
pain-free at 12h postsurgery (fig. 6; P = 0.0038). The pro-
portion of subjects treated with liposome bupivacaine who
were pain-free increased steadily after 8 through 60h post-
surgery, while the proportion of subjects treated with pla-
cebo who were pain-free decreased between 2 and 8 h before
increasing at 12 h after surgery.

With respect to subject-reported outcomes, mean OBAS
was lower (indicating superior analgesia) among subjects
receiving liposome bupivacaine compared with placebo at
24 (5.6 vs. 7.3, respectively; P = 0.0011) and 72h (3.1 vs.
4.1; P = 0.0072) postsurgery. In contrast, there was no dif-
ference in the proportion of subjects who were “satisfied” or
“extremely satisfied” with their pain control at 72h (92 ws.
84%; P = NS) and at day 30 (89 vs. 83%; P = NS). Median
time to sensitivity to cold was 1.85h (95% CI, 0.48 to0 2.02)

Table 9. Subjects Who Received Rescue Medication in Study
Part 2

Liposome
Bupivacaine Placebo
266mg (n=91)
Parameter (n=92) n (%) n (%)
Received no rescue medication 0 0
Received only the first rescue 0 0
medication
Received the first and a second 85 (92) 74 (81)
rescue medication
Received all three rescue 7(8) 17 (19)

medications

Proportion of subjects who received rescue medication through 72 h in part
2 of the study (efficacy analysis set).
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Fig. 6. Proportion of subjects receiving liposome bupivacaine
266mg (blue line) or placebo (red line) who reported being
pain-free (numeric rating scale score of 0 or 1) through 72h
after total knee arthroplasty in study part 2. Asterisk indicates
statistically significant (P < 0.005) between-group differences.

in the liposome bupivacaine group compared with 1.88h

(95% CI, 0.45 to 2.00) in the placebo group (P = NS).

Safety

In part 2, 176 subjects (96%) experienced at least one AE,
88 (96%) in each treatment group. Frequency of specific AEs
was generally similar between treatment groups (table 4).
Nausea (60%), constipation (35%), pruritus (35%), vom-
iting (35%), and pyrexia (28%) were the most frequently
reported AEs. At least one serious AE was reported by eight
subjects (9%) receiving liposome bupivacaine 266 mg and
nine subjects (10%) receiving placebo. Each of the serious
AEs was judged by the study investigator to be unrelated to
study drug. There were no discontinuations due to an AE,
and there were no deaths during the study.

In parts 1 and 2 combined, physician satisfaction with
return of sensory/motor function was rated as “satisfied”
or “extremely satisfied” for 89% of subjects receiving lipo-
some bupivacaine 266 mg at 72 h postsurgery versus 95% of
subjects who received placebo. On day 30, proportions of
“satisfied” or “extremely satisfied” ratings were 96 and 97%,
respectively. Overall, the proportion of subjects completing
the 20-m walk test was similar between treatment groups at
24h after surgery (51% [55 of 107], liposome bupivacaine
266 mg vs. 56% [58 of 103], placebo), at 72h after surgery
(83% [86 of 104] vs. 89% [90 of 101]), and on day 30 (99%
[103 of 104] vs. 100% [100 of 100]). No falls occurred
during part 1 of the study. Three falls were reported dur-
ing part 2, and each occurred in the liposome bupivacaine
group (3.3% of subjects treated with liposome bupivacaine).
One 63-yr-old female subject fell after getting up from the
toilet. The second fall occurred when an 81-yr-old male sub-
ject attempted to walk to the bathroom without assistance.
The third fall occurred when a 66-yr-old male subject was
attempting to sit on the toilet but missed the seat. None of
the subjects sustained injuries or complications due to their
fall; investigators judged that the study drug was related to
the fall only in one subject. All subjects who experienced
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a fall were nonetheless able to complete a 20-m walk test
at 24h, 72h, and 30 days after surgery and reported that
they were “satisfied” and/or “extremely satisfied” with their
pain control at 72h and on day 30. The treating physicians
for these three subjects reported that they were satisfied with
return of motor function at all timed assessments.

Incidence of “solicited neurologic events” (including oral/
perioral numbness, metallic taste, hearing problems, vision
problems, or muscle twitching) was low in both groups at
all tested time points through 72h. The highest incidence
occurred at the 12-h time point in the placebo group (7% [7];
2% [2] in the liposome bupivacaine 266-mg group). Investi-
gators checked plasma bupivacaine levels at the time of a solic-
ited event if they felt it clinically relevant; maximum plasma
concentration for any of these subjects was 829 ng/ml.

Electrocardiogram data demonstrated no clinically relevant
signal, suggesting drug-related changes in heart rate, atrio-
ventricular conduction (measured by PR interval duration),
cardiac depolarization (measured by QRS interval duration),
cardiac wave form morphology, or new arrhythmias.

Discussion

This two-part study was designed to evaluate efficacy and
safety of liposome bupivacaine when administered in a
femoral nerve block for analgesia in subjects having unilat-
eral TKA. Based on results from part 1 (dose ranging), the
unblinded dose selection committee recommended 266 mg
of liposome bupivacaine for part 2 of the study. Dose selec-
tion was based on the observation that some secondary and
tertiary assessments of the 266-mg dose suggested better
analgesia compared with the 133-mg dose although these
doses did not differ in the primary outcome measure.

Results from the primary and secondary efficacy analyses
showed that liposome bupivacaine 266 mg in a femoral nerve
block was associated with a modest but statistically signifi-
cant reduction in cumulative pain intensity scores and opioid
consumption through 72h postsurgery compared with pla-
cebo. Results from the per-protocol tertiary analyses, which
included imputed pain scores, showed that AUC of NRS
scores for pain at rest were lower in the liposome bupivacaine
group during all three of the 24-h intervals (0 to 24, 24 to 48,
and 48 to 72h) after surgery. However, a post hoc analysis of
cumulative pain scores, which included only unimputed pain
scores, showed a significant difference in favor of liposome
bupivacaine only during the 0- to 24-h and 24- to 48-h peri-
ods after surgery. In the post hoc analysis, the between-group
difference did not reach statistical significance during the 48-
to 72-h interval after surgery. It should also be noted that
pain was sufficiently severe to require second-step rescue with
opioids wia intravenously administered patient-controlled
analgesia in the vast majority of subjects in both treatment
groups, and mean subject-reported pain intensity scores with
activity remained in the “moderate” range in both treatment
groups during part 2 of the study, even with the use of opioid
rescue analgesia in the majority of study subjects.
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The proportion of subjects who were pain-free was greater in
the liposome bupivacaine group compared with placebo begin-
ning at 2 h after surgery. Interestingly, median time to first use
of opioid rescue medication was nearly identical (=0.4h) in
the treatment groups, in contrast to the longer time (1.29h)
with liposome bupivacaine in the liposome bupivacaine 266-
mg group (n = 24) in part 1. This finding may be explained by
occurrence of the pain in the sciatic nerve distribution, which
could have been unaffected by the study intervention.

The rate of AEs in the liposome bupivacaine group was
similar to that in the placebo group. There was no appar-
ent impact on motor function; nor were there any clinically
meaningful changes in neurologic or cardiac function. While
the study was not powered to detect between-group differ-
ences in incidence of patient falls, the observed fall rate in
the current study (3.3%) was consistent with rates of 1 to
2% reported recently in a retrospective study of more than
191,000 patients who underwent TKA under general, neur-
axial, or combined anesthesia.?? That study also showed no
relationship between use of peripheral nerve block and risk
for falls. Subjects in the liposome bupivacaine group con-
sumed a significantly lower mean amount of opioids after
surgery than those in the placebo group; the incidences of
AEs commonly associated with opioid use (e.g., nausea, con-
stipation, pruritus, vomiting) were similar in the two treat-
ment groups, and this lack of effect of modest reduction in
opioid use on opioid-induced side effects has been observed
with other adjunctive analgesic treatments.!*?3-"

Because the knee joint is innervated by both the sciatic
and femoral nerves, a combination of femoral and sciatic
nerve block may provide superior pain relief and reduced
opioid consumption in patients undergoing TKA compared
with femoral nerve block alone.? Thus, a limitation of the
current study is that the sciatic block was not used in any
subjects enrolled, potentially underestimating the analge-
sic benefit of long-duration femoral block with liposome
bupivacaine. In addition, we could not account for poten-
tial effects associated with interactions between liposome
bupivacaine and bupivacaine HCI (aqueous bupivacaine)
administered into the same tissue space viz femoral nerve
catheter for rescue analgesia. It should also be emphasized
that the study evaluated liposome bupivacaine for postsurgi-
cal analgesia only; we did not evaluate its use for intraopera-
tive anesthesia in this study. Also, long-term rehabilitative
outcomes were not assessed, and detailed quantitative data
on the potential effects of liposome bupivacaine on quadri-
ceps weakness were not collected.

In this multicenter, randomized, placebo-controlled
study, a single-injection femoral nerve block using liposome
bupivacaine provided postoperative analgesia and reduced
opioid requirements for 48h or more in subjects undergo-
ing TKA. Use of a long-acting, single-injection nerve block
compared to a continuous infusion can eliminate some
catheter-related risks such as dislodgement, infection, and
undesired retention. Not having to carry a reservoir of local
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anesthetic during an infusion could also lead to secondary
benefits such as increased ability to conduct rehabilitation
therapy and earlier ambulation.!?® While the results of this
study showed that a single administration of liposome bupi-
vacaine can provide analgesia that lasts at least 2 days when
used in femoral nerve block, more information is clearly
needed in order to better define the potential role of lipo-
some bupivacaine in this surgical setting. Future prospective
studies are required to assess the relative safety and efficacy
of liposome bupivacaine compared with current standard-
of-care postoperative analgesic regimens. At the writing of
this article, liposome bupivacaine is not approved for use in
peripheral nerve blocks. Based, in part, on the results of this
study, a supplemental new drug application for liposome
bupivacaine in support of a nerve block indication has been

submitted to the U.S. FDA.
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